In situ hybridization (ISH) studies have commonly utilized digoxigeninlabeled probe followed by incubation with anti-digoxigenin antibody conjugated with alkaline phosphatase (AP) and color development using an AP substrate. Among the substrates used in the protocol, Fast Red produces a reddish signal (3) . We have found that one of the major drawbacks of using Fast Red is that color intensity is generally weak, and a prolonged incubation time and/or a secondary antibody is required for signal amplification. Moreover, when secondary antibody is used, the background is increased as well as the specific signal. By using oligonucleotide probes against the mRNA of the nicotinic acetylcholine receptor (AChR) α -subunit in cultured chick embryonic muscle cells, we found that color intensity can be dramatically increased by adding sodium chloride in the color development solution without secondary antibody amplification, and that the degree of signal augmentation is correlated with sodium chloride concentration.
During myogenesis, mononucleated myoblasts fuse to form multinucleated myotubes. Nuclei of both myoblasts and myotubes express the mRNAs of AChR subunits ( α , β , γ and δ ) in a differential fashion (1, 4) . These phenomena can be easily studied in culture. Chick muscle cultures were prepared by obtaining myoblasts from the limbs of 11-day-old chick embryos. The cells were then grown on collagen-coated plastic coverslips (3 cm 2 ) in 35-mm culture dishes containing 2 mL of MEM supplemented with Earle's salts, L -glutamine, 10% horse serum and 5% chicken embryo extract (CEE) for the first two days, followed by a change of medium containing 2% CEE for the next several days. The fibroblast population was reduced by pre-incubating the cells in petri dishes followed by plating these into 35-mm collagenized dishes containing coverslips. The majority of fibroblasts attached to the collagen-free surface and were thereby removed, while only a small number of them remained in the culture. Since fibroblasts do not express AChR, and are morphologically distinguishable from muscle cells, they may serve as controls for nonspecific binding of the probe. After three days in culture, cells were rinsed with 1 × phosphatebuffered saline (PBS)/0.1% bovine serum albumin (BSA), followed by fixation with 4% paraformaldehyde for 15 min and two washes with 1 ×PBS (5 min each). Cells can be kept in 70% ethanol until hybridization.
Oligonucleotide probes were labeled at the 3 ′ -end with digoxigenin using terminal deoxyribonucleotide transferase (TdT; Promega, Madison, WI, USA). The α -specific probe mixture contains αexon probe ( αE) and α exon/intron probe ( αEI). The probe αE (5 ′ -GTATTCCCGGAACAGGTC -ATCCACCAGGCGCGTCTCGTG-3 ′ ) is located in the exon 2 region, while the probe αEI (5 ′ -CAGGGCCGGC -CCGGCTGTGAGTGACAAAATGG-CAT CAGTGAGAGGGGT-3 ′ ) is located in intron 1 and exon 2 region. Another oligonucleotide probe, denoted as Ep (5 ′ -GAACGAGACTTGGC -AGATAA GGATGAGTCC-3 ′ ), is specific to a mouse neuronal glutamate receptor subunit (NMDAε 2) and was used as a negative control. The labeling reaction was carried out at 37°C for 2 h in a TdT buffer solution containing 0.15 mM dATP, 50 µ M digoxigenin-11-dUTP, 140 pmol oligonucleotides and 30 U TdT. The reaction was terminated by adding 10 mM EDTA, 1 µ g/ µ L glycogen, 0.3 M LiCl and 2.5 vol of absolute ethanol for precipitation. After washing with cold 70% ethanol (4°C), the pellet was resuspended in 100 µ L TE (10 mM Tris-HCl [pH 7.6]/1 mM EDTA) buffer containing 0.1% sodium dodecyl sulfate (SDS) and then heated to 70°C followed by vortex mixing. Probes were evaluated by the dot blotting method as follows: 1 µ L TE buffer was added to 1 µ L of each newly synthesized probe and mixed. One microliter of the mixture at different dilutions was spotted onto a nylon membrane (Boehringer Mannheim, Mannheim, Germany). The membrane was air-dried for 15 min, soaked in Buffer A (0.1 M Tris-HCl, pH 7.5/0.15 M NaCl) for 5 min, followed by 2% blocking reagent (Catalog No. 1093657; Boehringer Mannheim) for 1 h and then incubated for another hour with anti-digoxigenin-AP Fab fragment (Catalog No. 1093274; Boehringer Mannheim) at a 1:1000 dilution containing 2% blocking reagent. The membrane was washed with Buffer A for 20 min with 5 changes and rinsed for 2 min with Buffer B (0.1 M TrisHCl, pH 9.5/0.1 M NaCl/50 mM MgCl 2 ). Dot blots were developed by using Buffer B containing 0.5 mM nitro blue tetrazolium (NBT) and 0.1 mM xphosphate/5-bromo-4-chloro-3-indolylphosphate (Boehringer Mannheim). When using two different probes, color intensity was compared to ensure that probes are labeled with a similar degree of intensity. Probes were stored at -20°C.
Immediately before use, the probes were heat-denatured at 95°C for 5 min followed by chilling with ice. Before ISH, cells on the coverslip were treated for 10 min each using the following solutions: 1 ×PBS/5 mM MgCl 2 at room temperature (RT); 0.2 M Tris-HCl, pH 7.7/0.1 M glycine at RT; 0.1 M ethanolamine/0.01 M acetic anhydride at RT; and 2 ×standard saline citrate (SSC)/50% de-ionized formamide at 65°C. ISH was performed at 37°C overnight in a Saran Wrap ® -sealed moisture chamber. Pre-hybridization was not required, as shown previously for radiolabeled probes (2) . The hybridization solution contained 5% dextran sulfate, 50% formamide, 0.08 M Tris-HCl (pH 7.5), 0.2% SDS, 0.1% sodium pyrophosphate, salmon sperm
, NaCl (0.6 M) and 4 mM EDTA. Fifty microliters of hybridization solution containing 1.5 pmol digoxigenin-labeled antisense oligonucleotide probe(s) were used in each sample. After hybridization, the coverslips were quickly rinsed with 1 × SSC to remove the carryover, followed by four washes, each of 20-min duration, with 1 ×SSC/50% formamide/20 mM DTT at 37°C and one wash at RT with 1 × SSC/20 mM DTT for 30 min.
Benchmark s
The procedure for alkaline phosphatase immunohistology is based on the protocol provided by Boehringer Mannheim with the following modification. After washing, cell samples were rinsed with Buffer A, pre-incubated with 50 µ L 2% Blocking Reagent for 1 h and subsequently incubated for 4 h at RT with 50 µ L of the same reagent containing anti-digoxigenin-AP Fab fragment at 1:500 dilution. Samples were then washed for 1 h with Buffer A at RT and rinsed 4 times with 0.1 M Tris-HCl (pH 8.2).
The procedure for color development is based on the Sigma protocol with the following modifications. Color development solution was prepared at the time of cell washing following antibody incubation. Tablets of Tris buffer and Fast Red (Sigma Fast Red TR/ Naphthol AS MX phosphate; Sigma Chemical, St. Louis, MO, USA), stored at 4°C, were placed at RT for at least 30 min before use. One tablet of Tris buffer was dissolved in each 10 mL of sterile ddH 2 O and followed by the Fast Red tablet. Normally, vortex mixing is required to achieve complete solubility. To one set of tubes, we added various amounts of NaCl (final concentration of 0.1-0.5 M) and no NaCl to other tubes. The solutions were first filtered through a 0.2-µ m syringe filter. Cells were incubated overnight at RT in a 35-mm petri dish containing 2 mL per dish of the developing mixture, and the development was terminated with a couple of ddH 2 O washes. Coverslips were placed on glass slides with the cell slide up, and 40 µ L of 0.1 M Tris (pH 8.0)/90% glycerol/bisbenzamide (12 ng/ µ L) solution was added to each coverslip to stain nuclei. Cover glasses (22 × 22 mm; Fisher Scientific, Pittsburgh, PA, USA) were then laid on top of the coverslips containing cells and attached to slides by sealing the edges with nail polish.
Hybridized cells were viewed under a light microscope and the two development procedures were compared by measuring the color intensity with a computer-assisted densitometry program (Optimas). 
Use of UV Methods for Measurement of Protein and Nucleic Acid Concentrations
BioTechniques 20:968-970 (June 1996) Measurement of absorbance at 260 nm is a well-established method for estimation of concentration of nucleic acids and oligonucleotides in solution. Measurement at more than one wavelength, e.g., 260 and 280 nm, from which a ratio can be determined, is a check of the validity of the A 260 reading. It is also a means of estimating whether the nucleic acid is contaminated with protein or other materials (6).
Several colorimetric methods are commonly used for estimation of protein, but it is often as practical to estimate concentration simply by absorbance at 280 nm (1,4,8) . Measurement also of A 260 , which for a pure protein should be lower than A 280 , helps validate the 280-nm reading. The A 280 / A 260 ratio can, moreover, be used to check whether, if suspected, a protein solution contains nucleic acid, as originally proposed by Warburg and Christian (12). Based on their data and others', a formula for the estimation of protein in the possible presence of RNA was proposed by Layne (5) as mg protein/mL = 1.55 A 280 -0.76 A 260 .
One of the limitations of using this equation is that the specific absorption coefficient ( a 280 ) for proteins varies in proportion to their contents of tyrosine and tryptophan (1, 2, 4) . Harlow and Lane (4) suggest a 280 values for IgG and IgM of 1.35 and 1.2, respectively, as against 0.7 for bovine serum albumin (BSA) (1 mg/mL solutions), but also quote the equation without comment as to its accuracy. This communication describes how the coefficients in the above equation are derived and how, therefore, new coefficients can be calculated that may be more appropriate for specific situations.
Let the coefficient for the 280-nm reading equal P and that for 260 nm equal Q. If the A 260 / A 280 ratio for RNA = 2.0, then a similar ratio for P/Q will result in any absorbance, due to RNA contained in the A 280 and A 260 readings, making no contribution to the value derived for mg protein/mL. However, the value of P has to be greater than the reciprocal of the specific absorption coefficient of the protein in order to compensate for the negative term in the equation. The general expressions determining P and Q are P = 1/( a 280 -a 260 /r) and Q = 1/( a 280
. r -a 260 ), where r is the A 260 / A 280 ratio for RNA and a 280 and a 260 are the specific absorption coefficients for the protein at the wavelengths specified. The general A 280 / A 260 ratio for proteins is given as This means that absorbance by contaminants is in principle likely to be less serious. The methods require high performance spectrophotometers and use of buffers that do not absorb at these wavelengths. For these reasons the methods are not commonly used.
Clearly there are potential complications in the use of absorbance readings, but the procedure is rapid and non-destructive. The Bradford, Lowry and bicinchoninic acid methods are more sensitive, but colorimetric methods are subject to interference by numerous compounds (10), and BSA that is widely used as a standard is no more suitable as a reference protein than for absorbance data (1,4,8,10) . Two-wavelength methods are also available for measurement of RNA and DNA contents of tissues after extraction, and they depend on the same principles as described above (7). One procedure for RNA, measuring absorbance at 260 and 232 nm, involves measurement at a wavelength (232 nm) where the rate of change of absorbance of protein and peptides with change in wavelength (d A /d λ ) is quite exceptionally large (0.67/nm at 232 nm for an A 280 of 1.0; Reference 7). This condition again puts a premium on the reliability and accuracy of the spectrophotometer.
